JV Task 99-Integrated Risk Analysis and Contaminant Reduction, Watford City, North Dakota by Solc, Jaroslav & Botnen, Barry W.
  
JV TASK 99 – INTEGRATED RISK ANALYSIS 
AND CONTAMINANT REDUCTION, WATFORD 
CITY, NORTH DAKOTA 
 
 
Final Report 
 
Submitted to: 
 
AAD Document Control  
 
U.S. Department of Energy 
National Energy Technology Laboratory 
PO Box 10940, MS 921-107 
Pittsburgh, PA 15236-0940 
 
Cooperative Agreement No.: DE-FC26-98FT40321 
Project Manager: Eugene Ashby 
 
 
 
 
 
 
 
Prepared by: 
 
Jaroslav Solc 
Barry W. Botnen 
 
Energy & Environmental Research Center 
University of North Dakota 
15 North 23rd Street, Stop 9018 
Grand Forks, North Dakota 58202-9018 
 
 
 
 
 
 
 
2007-EERC-05-03             May 2007 
  
DISCLAIMER 
 
This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor any of 
their employees makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
 
This report is available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone orders 
accepted at (703) 487-4650. 
 
 
EERC DISCLAIMER 
 
LEGAL NOTICE  This research report was prepared by the Energy & Environmental Research 
Center (EERC), an agency of the University of North Dakota, as an account of work sponsored 
by the U.S. Department of Energy (DOE). Because of the research nature of the work 
performed, neither the EERC nor any of its employees makes any warranty, express or implied, 
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement or recommendation by the EERC. 
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WATFORD CITY, NORTH DAKOTA 
 
 
ABSTRACT 
 
 The Energy & Environmental Research Center (EERC) conducted a limited site 
investigation and risk analyses for hydrocarbon-contaminated soils and groundwater at a 
Construction Services, Inc., site in Watford City, North Dakota. Site investigation confirmed the 
presence of free product and high concentrations of residual gasoline-based contaminants in 
several wells, the presence of 1,2-dichloroethane, and extremely high levels of electrical 
conductivity indicative of brine residuals in the tank area south of the facility.  
  
 The risk analysis was based on compilation of information from the site-specific 
geotechnical investigation, including multiphase extraction pilot test, laser induced fluorescence 
probing, evaluation of contaminant properties, receptor survey, capture zone analysis and 
evaluation of well head protection area for municipal well field. The project results indicate that 
the risks associated with contaminant occurrence at the Construction Services, Inc. site are low 
and, under current conditions, there is no direct or indirect exposure pathway between the 
contaminated groundwater and soils and potential receptors. 
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JV TASK 99 – INTEGRATED RISK ANALYSIS AND CONTAMINANT REDUCTION, 
WATFORD CITY, NORTH DAKOTA 
 
 
EXECUTIVE SUMMARY 
 
 The Energy & Environmental Research Center (EERC) conducted a limited site 
investigation and risk analysis for hydrocarbon-contaminated soils and groundwater at a 
Construction Services, Inc., site in Watford City, North Dakota. Site investigation confirmed the 
presence of free product and high concentrations of residual gasoline-based contaminants in 
several wells, the presence of 1,2-dichloroethane, and extremely high levels of electrical 
conductivity indicative of brine residuals in the tank area south of the facility.  
 
 The risk analysis was based on compilation of information from the site-specific 
geotechnical investigation, including a multiphase extraction pilot test, laser-induced 
fluorescence probing, evaluation of contaminant properties, a receptor survey, capture zone 
analysis, and evaluation of well head protection area for the municipal well field. The project 
results indicate that the risks associated with contaminant occurrence at the Construction 
Services, Inc., site are low and, under current conditions, there is no direct or indirect exposure 
pathway between the contaminated groundwater and soils and potential receptors. 
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JV TASK 99 – INTEGRATED RISK ANALYSIS AND CONTAMINANT REDUCTION, 
WATFORD CITY, NORTH DAKOTA 
 
 
1.0 INTRODUCTION 
 
 At the request of the North Dakota Department of Health (NDDH), the Energy & 
Environmental Research Center (EERC) conducted a limited site investigation and risk analysis. 
The project primary objective was to integrate recently completed multiphase extraction (MPE) 
pilot testing (EERC) and a capture zone analysis for the nearby municipal well field (NDDH) into 
risk analysis for the contaminated area at the Construction Services, Inc., site in Watford City, 
North Dakota.  
 
 The summary of activities presented in this report is as follows: 
 
• Supplemental site investigation including laser-induced fluorescence (LIF) GeoProbe 
by Dakota Technologies, Inc., conducted November 7–8, 2006. 
 
• Groundwater sampling, water-table monitoring, and hydraulic testing conducted 
December 5–6, 2006. 
 
• Evaluation of information from the municipal well field, including capture zone analysis 
and well head protection area. 
 
• Evaluation of remedial technologies/strategies for the subject site. 
 
 
2.0 SITE CHARACTERISTICS 
 
 2.1 Site Location and Contaminant Release History 
 
 The original source area is located at 1100 4th Avenue Northeast, T150N R98W Section 
18, McKenzie County, Watford City, North Dakota. The current facility, operated by Construction 
Services, Inc., is a former Chinook Pipeline property. The inferred extent of impacted area is 
about 100 × 300 ft. The impacted area is in proximity to the municipal well and Cherry Creek. 
The site layout is provided in Figure 1 and Appendix A. 
 
 Following the removal of nine underground storage tanks (USTs) south, west, and north of 
the former Chinook Pipeline property, the site has undergone monitoring since 1991 [1, 2]. A 
remedial investigation/feasibility study (RI/FS) was conducted by the EERC in 2005 and 
included MPE pilot testing and a limited site investigation [3]. 
 
 2.2 Supplementary Site Investigation and Sediment Properties  
 
 An initial site investigation, focusing on the former south tank location was conducted as 
part of the FS in November 2005 [3]. Supplementary site characterization using GeoProbe and 
LIF technology was conducted November 7–8, 2006, focusing on the tank areas west and north 
of the facility. A total of 22 boreholes were advanced to depths of 18–22 ft in order to provide 
information on contaminant distribution within the sediment profile. Spikes of fluorescence 
intensity in a wide range of depths between 4 and 16 ft below ground indicate the presence of 
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LIF-detectable amounts of residual free product in thin layers conducive to product transport 
and retention. Expanded probing activity to tank areas west and north of the facility did not 
confirm the presence of free product. Based on probing results and intensity of the LIF 
response, residual free product is retained in thin discrete layers or lenses of sandy silt and silty 
sand within the smear zone of fluctuating groundwater. LIF profiles and borehole locations, 
including data from 2005 LIF activities, are provided in Appendix B. 
 
 It is important to note that LIF technology is limited to detection of petroleum hydrocarbons 
(not chlorinated compounds) in the free phase (not dissolved phase). Further limitations are 
associated with the tight sedimentary profile such as in clays and clayey silts. Because the 
extended LIF investigation did not identify contamination in the tank areas west and north of the 
facility, the proposed expansion of the groundwater-monitoring network was abandoned. 
 
 
 
 
 
Figure 1. Site plan. 
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 2.3 Geology and Hydrogeology 
 
 The sediment profile of the impacted area is dominated by a heterogeneous complex of 
silty, sandy clays to 8–12 ft that overlay poorly graded silty sands to about 20 ft (terminal depth 
of wells at the site). Based on geological documentation from a wider area (North Dakota State 
Water Commission [NDSWC] data and municipal well logs), the clays and lakebed deposits 
consist of silty clays with highly variable fractions of fine-grained silty sands that extend up to 
30–50 ft belowground. These deposits are underlain by the poorly sorted sands and gravels of 
the Tobacco Garden Creek Aquifer. The top of the aquifer is documented at 34 ft and 51 ft 
below the surface for municipal wells No. 6 (2750 ft SW) and No. 8 (700 ft SW of the site), 
respectively.  
 
 Depth to water at the site varied from about 10 to 13 ft below ground surface between 
December 12, 2005, and December 6, 2006 (Appendix C). Groundwater in the shallow 
intercepted profile is unconfined, with flow direction to the northwest toward Cherry Creek. 
Groundwater table fluctuation in a relatively shallow aquifer and the attendant thickness of the 
smear zone reflect the proximity of Cherry Creek, the sewage lift station, and leaking wellheads 
at older wells.  
 
 Groundwater in the Tobacco Garden Creek Aquifer is confined, with a static water table at  
7 ft belowground and prevailing groundwater flow direction to the north–northeast. A dynamic 
water table during intermittent pumping at city well No. 8 is maintained at about 40 ft 
belowground. The natural water table in the confined Tobacco Garden Creek Aquifer fluctuated 
over 8 ft between 1991 and 2004 based on NDSWC data from well No. 150-098-18 DDCD west 
of the site [3, 4].  
 
  Groundwater chemistry at the site is dominated by sodium, sulfate, and bicarbonate ions, 
with high concentrations of iron and electrical conductivity (EC) over 22 mS/cm (wells MW-1, 
MW-8). Biodegradation parameters indicate limited in situ biodegradation reactions in a 
reducing environment (Appendix F).  
 
 Extremely high concentrations of selected parameters in relatively shallow monitoring 
wells are not typical for the Tobacco Garden Creek Aquifer pumped for the municipality. High 
EC and hardness could be associated with a natural discharge pattern. In such a scenario, 
intensive salt precipitation in upper parts of the sediment profile could be a result of upward flow 
of sodium and sulfate-rich groundwater, reflecting the confined nature of the underlying aquifer. 
With respect to unusually high values, however, EC and hardness may be indicative of 
contamination with brine residuals. Data from NDSWC well No. 150-098-18 DDCD (west of the 
site and north of the municipal well field) indicate almost a 50% increase in EC and total 
dissolved solids (TDS) between 1981 and 2000 [3].  
 
 
3.0 RISK ANALYSIS 
 
 3.1 Contaminants of Concern 
 
  3.1.1 Selected Properties 
 
 The primary contaminants of concern are gasoline-based BTEX (benzene, toluene, 
ethylbenzene, and xylenes) and 1,2,4-trimethylbenzene. In addition, 1,2-dichloroethane was 
detected at the site. Its typically industrial use is as a solvent for oils, waxes, and resins; a lead 
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scavenger in gasoline; and a fumigant. Benzene and 1, 2-dichloroethane are recognized as 
carcinogens. Selected primary physical properties of contaminants of concern (COCs) are 
summarized in Table 1. 
 
 
Table 1. Selected Physical Properties of COCs  
 
 
 
Molecular 
Weight 
 
Specific 
Gravity 
 
Solubility 
mg/l at 20°C 
 
Vapor Pressure at 
1 atm (°C) 
 
Absorbability 
mg/g (at ppb)  
Benzene 
Toluene 
Xylenes (3) 
Ethylbenzene 
1,2 Dichloroethane 
 
78 
92 
106 
106 
99 
 
0.88 
0.87 
0.88 
0.87 
1.25 
 
1780 
515 
540 (25°C) 
105 
8300 (25°C) 
 
76 (20) 
22 (20) 
6 (20) 
7 (20) 
87 (25) 
 
80 (416) 
50 (317) 
70 (500) 
18 (115) 
2 (500) 
Data compiled from the U.S. Environmental Protection Agency (EPA) [5]; Merck Index, 1996 [6]; 
Suthersan, 2002 [7]; Nyer, 2001 [8]; and Montgomery and Welcom, 1990 [9].  
 
 
  3.1.2 Potential Health Effects 
 
3.1.2.1 Benzene  
 
 Short-term: Benzene has the potential to cause the following health effects when people 
are exposed to it at levels above the maximum contaminant level (MCL) for relatively short 
periods of time: temporary nervous system disorders, immune system depression, and anemia.  
 
 Long-term: Benzene has the potential to cause the following effects from a lifetime 
exposure at levels above the MCL: chromosome aberrations and cancer. 
 
3.1.2.2 1,2-Dichloroethane 
 
 Short-term: 1,2-dichloroethane has the potential to cause the following health effects 
when people are exposed to it at levels above the MCL for relatively short periods of time: 
central nervous system disorders, and adverse lung, kidney, liver, circulatory, and 
gastrointestinal effects.  
 
 Long-term: 1,2-dichloroethane has the potential to cause the following effects from a 
lifetime exposure at levels above the MCL: cancer. 
 
3.1.2.3 Ethylbenzene 
 
 Short-term: Ethylbenzene has the potential to cause the following health effects when 
people are exposed to it at levels above the MCL for relatively short periods of time: drowsiness, 
fatigue, headache, and mild eye and respiratory irritation.  
 
 Long-term: Ethylbenzene has the potential to cause the following effects from a lifetime 
exposure at levels above the MCL: damage to the liver, kidneys, central nervous system, and 
eyes. 
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3.1.2.4 Toluene 
 
 Short-term: Toluene has the potential to cause the following health effects when people 
are exposed to it at levels above the MCL for relatively short periods of time: minor nervous 
system disorders such as fatigue, nausea, weakness, and confusion.  
 
 Long-term: Toluene has the potential to cause the following effects from a lifetime 
exposure at levels above the MCL: more pronounced nervous disorders such as spasms, 
tremors, impairment of speech, hearing, vision, memory, coordination; and liver and kidney 
damage. 
 
3.1.2.5 Xylenes 
 
 Short-term: Xylenes have the potential to cause the following health effects when people 
are exposed to it at levels above the MCL for relatively short periods of time: disturbances of 
cognitive abilities, balance, and coordination.  
 
 Long-term: Xylenes have the potential to cause the following effects from a lifetime 
exposure at levels above the MCL: damage to the central nervous system, liver, and kidneys.  
 
 3.2 Soil Contamination 
 
 Soil samples collected during monitoring well installation on October 19–20, 2005, 
represent composites based on photoionization detector (PID) readings [3]. Concentrations 
exceeding North Dakota action levels in soils of 100 and 0.5 mg/kg for total petroleum 
hydrocarbons (TPH) and benzene, respectively, were found in all new boreholes located in the 
south UST area. Maximum values in excess of 4100 mg/kg for TPH and 39 mg/kg for benzene 
indicate the persistent presence of free product within the smear and unsaturated zones (Table 
2). 
 
 
Table 2. BTEX in Soils 
    REC-1 MW-11 MW-12 MW-13 MW-13 
Date Sampled  11/20/05 11/19/05 11/19/05 11/20/05 11/20/05
Interval (ft)   11-13 11-13 11-13 7-9 10-12 
MTBE1 µg/kg <50  <13.1  <100  <5000  <250  
Benzene µg/kg 1174  1186  917.1 39,260  6743  
Toluene µg/kg 349  113.2 183.7 184,200  711.5 
Ethylbenzene µg/kg 484  331.9 1372  83,640  6030  
Xylenes (Total) µg/kg 1280  361  1573  337,400  13,310  
TPH (GRO2) mg/kg 24  13  77  4,100  250  
1  Methyl tertiary-butyl ether. 
2  Gasoline-range organics. 
 
 
 3.3 Groundwater Contamination 
 
 A total of ten groundwater samples, including a sample from municipal well No. 8, and one 
surface water sample (Cherry Creek) were analyzed for the full suite of volatile organic 
contaminants (VOCs) using method SW 8021 (465F) (Table 3, Appendix F and G). In addition, 
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biodegradation indicators were analyzed in all samples (Appendix F and G-2). Samples were 
collected using disposable PVC bailers, preserved on-site, and stored on ice. Samples for 
dissolved metals were filtered using 0.45-μm Geotech disposable filters. All analyses were 
conducted by MVTL in Bismarck, North Dakota, and New Ulm, Minnesota. Quality 
assurance/quality control (QA/QC) samples totaled one field blank, one trip blank, one 
equipment blank, and a duplicate. Field-measured parameters including temperature, dissolved 
oxygen (DO), EC, pH, and ox-redox potential were recorded during sampling. Table 3 and 
Appendix A provide a summary of analytical results for targeted compounds; complete 
analytical documentation is in Appendix G. In addition to EERC sampling, COC trends and 
previous analysis were evaluated based on results of the MPE pilot test [3] and documentation 
provided by NDDH. 
 
 
Table 3. COC Concentrations in Groundwater (analyses – December 6, 2006) 
Well ID Benzene Toluene Ethylbenzene Xylenes  GRO (TPH) DCA1 TMB2 
  µg/l µg/l µg/l (total) µg/l mg/l µg/l µg/l 
MW-1 <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
MW-5 <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
MW-6 39.9 <0.6 7.1 4.4 <0.2 1.6 <0.7 
MW-8 <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
MW-9 <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
MW-11 18790 1008 2125 2534 53.7 2466 1232 
MW-13 29370 4430 3814 9538 112.7 1828 1674 
REC-1 17800 862.9 3206 4054 65.63 2095 1316 
Cherry Cr. <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
City Well 8 <0.5 <0.6 <0.6 <3 <0.2 <0.5 <0.7 
EPA MCL 5 1000 700 10000 0.5 5   
NDDH3 5 5 5 5     
1  1,2 dichloroethane. 
2  1,2,4-trimethylbenzene. 
3  NDDH action levels. 
 
 
 Free product was detected in MW-4 (0.2 ft) and MW-12 (0.1 ft). Concentrations of target 
contaminants considerably exceed EPA MCL regulatory levels and North Dakota action levels 
for benzene in monitoring wells MW-6, 11, 13 and recovery well REC-1 (Table 3). In addition, 
the presence of 1,2,4-trimethylbenzene (of gasoline origin) and the 1,2-dichloroethane as high 
as 2466 μg/l was detected at the site.  
 
 3.4 Hydraulic Properties and Contaminant Transport  
 
 Hydraulic testing was conducted in December 2006 and as an integral part of the MPE 
pilot test in April 2006. A slug test was conducted on well REC-1 to evaluate hydraulic 
parameters. Interpretation of the hydraulic test is summarized in Appendix D. The slug 
consisted of a 3-inch-diameter PVC pipe which was filled with sand and sealed at both ends. 
The volume displaced by the slug was 1.0 gallon (3.785 L). Aquifer response was recorded 
using a Telog® PR-31 data collection system, with standard manual water level (water level 
indicator) collection for confirmation.  
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 Hydraulic conductivity was 6 × 10-5 ft/min (3 × 10-7 m/s) using the Bower-Rice method and  
9 × 10-5 ft/min (5 × 10-7 m/s) using the Hvorslev algorithm for slug test. Extremely low values of 
hydraulic conductivity and high vacuum required to overcome formation resistance to hydraulic 
and pneumatic flow, including low yield (0.07-0.3 gpm) documented from the MPE pilot test, 
indicate extremely low potential for off-site contaminant transport. 
 
 The calculated values are representative of horizontal hydraulic conductivity. Reflecting on 
heterogeneous site geology and considerable presence of a clayey fraction in the upper portion 
of the sediment profile, the vertical conductivity is typically several orders of magnitude smaller. 
In order to account for the worst-case scenario and dual porosity (matrix versus preferential 
flow), an aquifer saturated thickness of 0.5–1.5 ft was used for interpretation to account for 
expected preferential flow in more permeable layers/lenses. The difference of about 10% in 
calculated values for hydraulic conductivity was negligible. An additional factor contributing to 
reduction of COC migration downgradient is the confined nature of the underlying aquifer, with 
gradient toward the surface. 
 
 The contaminated area lies close to the wellhead protection area for the northern 
municipal well field (Appendix E) but not in the capture zone. With respect to the results of this 
project, construction of the municipal well, and the results of detailed capture zone analysis, 
including well head delineation conducted by NDDH [10], the potential for contaminant migration 
to the municipal well field is extremely limited. 
 
 3.5 Municipal Well – Capture Zone Analysis 
 
 Detailed analysis of the capture zone and well head protection area (WHPA) for the 
municipal well field was completed by NDDH in 2006 [10]. The WHPA delineation presented in 
Appendix E is based on the zone of contribution method using a modular, semianalytical 
groundwater flow model developed by EPA. The current WHPA was delineated using hydraulic 
properties of the Tobacco Garden Creek Aquifer and is based on a 10-year time of travel under 
constant pumping condition. In the absence of site-specific hydraulic information and limited 
capabilities of the EPA model, the selected approach represents a reasonably conservative 
scenario. With respect to extreme heterogeneity and random occurrence of preferential flow 
pathways (layers, lenses) in sediments overlying the Tobacco Garden Creek Aquifer, the 
uncertainties associated with definition of leakage and transport parameters would outweigh the 
benefits and reliability of the numerical modeling. The primary factors supporting adequate 
aquifer protection as defined by the current WHPA are as follows:  
 
• Hydraulic conductivity of the Tobacco Garden Creek Aquifer (150-200 ft/day) is several 
orders of magnitude higher that those for overlying sediments (0.1 ft/day). 
 
• The Tobacco Garden Creek Aquifer is confined, with a static water table at about 7 ft 
below the surface at well No. 8 [10]. The water table at the site is at 10–13 ft 
belowground. 
 
• Groundwater flow direction in the deeper, Tobacco Garden Creek Aquifer, is to the 
north, north–east–north, i.e., COC-impacted site is downgradient from municipal wells. 
 
• The model is using a 10-year time of travel under constant pumping conditions. Actual 
aquifer usage is based on a demand-driven intermittent pumping. 
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 3.6 Exposure Factors 
 
 The primary exposure factors were evaluated in accordance with ASTM International’s 
Standard Guide for Risk-Based Corrective Action [11]. The exposure assessment is based on 
evaluation of the magnitude, frequency, duration, and route of exposure between a source area 
and a receptor. 
 
  3.6.1 Exposure Pathways 
 
 The contaminated soil and groundwater is several feet below the ground surface. Unless 
disturbed (excavation), there is no identifiable direct exposure pathway at the source. The only 
realistic exposure pathway is indirect via exposure to contaminated groundwater after its 
migration off-site. With respect to site-specific geotechnical conditions described in detail in 
previous sections, the COC off-site migration and its leakage to the underlying confined aquifer 
is extremely limited, with the potentially impacted area outside the zone of groundwater use. In 
addition, the hydraulic factors (gradient, flow direction, confined nature) and construction of the 
municipal well further limits potential for COC to enter the water supply chain. The municipal 
well No. 8 closest to the site (~700 ft), intercepts the source aquifer at 51 ft. The well is cased 
with stainless steel to 78 ft, grouted to 60 ft, and screened from 78–108 ft. 
 
  3.6.2 Exposure Routes 
 
 In the absence of a direct exposure pathway and the low probability of an indirect 
exposure pathway, water intake by ingestion is the only realistic scenario for the exposure route. 
Providing the site is excavated (corrective action, construction, etc.), additional exposure routes 
would be inhalation of VOCs and dermal contact with contaminated soil.  
 
  3.6.3 Receptors 
 
 The site is located in an industrial zone. Occupational hazards are minimal because of 
intercepted exposure pathways (below the surface location of impacted soils and groundwater) 
and open field area. In case of excavation of contaminated soils, a short-term exposure to 
volatile contaminants would have to be addressed by proper material handling and appropriate 
personal protective equipment. With respect to high vapor pressure (high volatilization rates for 
primary carcinogens), the potential exposure would be short term. There is no residential 
exposure or receptors at or downgradient from the impacted area.  
 
 
4.0 CONCLUSIONS AND RECOMMENDATIONS 
 
 The risk analysis presented is based on compilation of information from the site-specific 
geotechnical investigation, evaluation of contaminant properties, a receptor survey, capture 
zone analysis, and evaluation of the wellhead protection area for the municipal well field. The 
project results indicate that the risks associated with contaminant occurrence at the 
Construction Services, Inc., site are low and, under current conditions, there is no direct or 
indirect exposure pathway between the contaminated groundwater and soils and potential 
receptors. 
 
 The results of the investigation and primary factors contributing to risk reduction are as 
follows: 
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• Expanded probing activity to tank areas west and north of the facility did not confirm 
the presence of the free product. The area of impacted soil and groundwater is limited 
to the tank area southwest of the facility.  
 
• Based on the geological profile and results the LIF and hydraulic testing, residual free 
product is retained in thin discrete layers or lenses of sandy silt and silty sand within 
the smear zone of fluctuating groundwater. 
 
• Low values of hydraulic conductivity, high formation resistance to hydraulic and 
pneumatic flow, and low yield indicate extremely low potential for off-site contaminant 
transport. 
 
• The hydraulic conductivity of the underlying Tobacco Garden Creek Aquifer is several 
orders of magnitude higher than that for overlying sediments. In combination with 
confined aquifer conditions, it minimizes potential for vertical migration to deeper water-
bearing sediments. 
 
• Groundwater flow direction in the deeper Tobacco Garden Creek Aquifer is to the 
north, north–east–north, i.e., the COC-impacted site is downgradient from municipal 
wells. 
 
• The impacted area does not lie in the capture zone for the municipal well field and is 
outside of the well head protection area as defined by NDDH. 
 
• There is no direct exposure pathway between the contaminant source and the potential 
receptor at this time. 
 
• There is no residential exposure or receptors at or downgradient from the impacted 
area.  
 
 It is important to note that site-specific conditions and risk-limiting factors never completely 
eliminate the risks associated with contaminant occurrence. The site-specific geotechnical 
conditions considerably limit options for remedial alternatives. The MPE pilot test confirmed the 
applicability of vacuum enhancement; however, the technology would have to be modified to 
overcome limitations associated with tight geology and would be more expensive than 
excavation. In the case where risk elimination is required, the excavation of the impacted area 
and replacement with inert, well-compacted soil is identified as the economically most feasible 
option.  
 
 Based on the results of the risk analysis presented, it is recommended to: 
 
• Seal and abandon all wells at the site with the exception of wells MW-5, MW-8, and 
MW-9. 
 
• Initiate biannual water quality monitoring in wells MW-5, MW-8, and MW-9 for target 
COC, namely BTEX and 1,2 dichloroethane. 
 
• Periodically sample municipal well No. 8 with analyses for BTEX and 1,2-
dichloroethane. 
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